During recent decades, the increasing use of opioids for chronic non-cancer pain has raised concerns regarding tolerance, addiction, and importantly cognitive dysfunction. Current research suggests that the somatotrophic axis could play an important role in cognitive function. Administration of growth hormone (GH) to GH-deficient humans and experimental animals has been shown to result in significant improvements in cognitive capacity. In this report, a patient with cognitive disabilities resulting from chronic treatment with opioids for neuropathic pain received recombinant human growth hormone (rhGH) replacement therapy. A 61-year-old man presented with severe cognitive dysfunction after long-term methadone treatment for intercostal neuralgia and was diagnosed with GH insufficiency by GH releasing hormone-arginine testing. The effect of rhGH replacement therapy on his cognitive capacity and quality of life was investigated. The hippocampal volume was measured using magnetic resonance imaging, and the ratios of the major metabolites were calculated using proton magnetic resonance spectroscopy. Cognitive testing revealed significant improvements in visuospatial cognitive function after rhGH. The hippocampal volume remained unchanged. In the right hippocampus, the N-acetylaspartate/creatine ratio (reflecting nerve cell function) was initially low but increased significantly during rhGH treatment, as did subjective cognitive, physical and emotional functioning. This case report indicates that rhGH replacement therapy could improve cognitive behaviour and well-being, as well as hippocampal metabolism and functioning in opioidtreated patients with chronic pain. The idea that GH could affect brain function and repair disabilities induced by long-term exposure to opioid analgesia is supported.
During recent decades, the increasing use of opioids for chronic non-cancer pain has raised concerns regarding tolerance, addiction, and importantly cognitive dysfunction. Current research suggests that the somatotrophic axis could play an important role in cognitive function. Administration of growth hormone (GH) to GH-deficient humans and experimental animals has been shown to result in significant improvements in cognitive capacity. In this report, a patient with cognitive disabilities resulting from chronic treatment with opioids for neuropathic pain received recombinant human growth hormone (rhGH) replacement therapy. A 61-year-old man presented with severe cognitive dysfunction after long-term methadone treatment for intercostal neuralgia and was diagnosed with GH insufficiency by GH releasing hormone-arginine testing. The effect of rhGH replacement therapy on his cognitive capacity and quality of life was investigated. The hippocampal volume was measured using magnetic resonance imaging, and the ratios of the major metabolites were calculated using proton magnetic resonance spectroscopy. Cognitive testing revealed significant improvements in visuospatial cognitive function after rhGH. The hippocampal volume remained unchanged. In the right hippocampus, the N-acetylaspartate/creatine ratio (reflecting nerve cell function) was initially low but increased significantly during rhGH treatment, as did subjective cognitive, physical and emotional functioning. This case report indicates that rhGH replacement therapy could improve cognitive behaviour and well-being, as well as hippocampal metabolism and functioning in opioidtreated patients with chronic pain. The idea that GH could affect brain function and repair disabilities induced by long-term exposure to opioid analgesia is supported.
P
revious research has suggested that growth hormone (GH) and its mediator insulin-like growth factor-1 (IGF-1) could affect brain targets for these hormones and influence cognitive functioning in humans 1 and rats. 2 This is supported by findings indicating that both GH and IGF-1 receptors are located in several brain regions, including the hippocampus, a brain area known to have an essential role in cognitive processes, particularly memory and learning. The exact mechanism by which the GH/IGF-1 axis affects cognitive functioning has not yet been fully clarified, and very little is known about the cognitive capacity of adults with either childhood-onset or adult-onset GH deficiency (GHD). Nonetheless, accumulating data suggest that the cognitive abilities, especially attention and memory, of adult patients with GHD could be impaired. 3, 4 There is also evidence that impaired cognitive functioning could be induced by addictive drugs, such as central stimulants and opioids. 5 In fact, cognitive dysfunction has been recorded in patients receiving long-term opioid treatment for chronic non-cancer pain. 6, 7 These effects of opioids on cognition appear to result from inhibition of neurogenesis 8 and increased apoptosis induced by these drugs.
9,10 Moreover, we have previously reported that recombinant human growth hormone (rhGH) reversed morphine-induced apoptosis in primary cell cultures from the murine foetal hippocampus. 11 Furthermore, GH treatment of hypophysectomised male rats improved their performance in various memory tests. 12 Several studies involving patients with GHD have demonstrated beneficial effects on cognitive capacity following GH replacement therapy. 13, 14 These observations prompted us to study the effects of GH replacement therapy on cognitive disabilities in patients chronically exposed to opioids.
The aim of the study was to examine the effect of daily administration of rhGH to a patient with chronic pain and impaired cognitive functioning as a possible complication of long-term exposure to methadone, using hormonal analysis, and neuropsychological and neuroradiological tests.
Case report
A 61-year-old man with chronic, severe, left-sided, intercostal neuropathic pain after a kidney operation had been receiving 90-110 mg of methadone daily for 6 years and was diagnosed with adult-acquired GHD. His symptoms were somnolence, fatigue, sweating, and concentration and memory disturbances, including depressive mood. He had difficulty finding his way home from the central part of the city. He had no other significant comorbidities or medications during the study period.
Four healthy volunteers were used to estimate the reproducibility of the hippocampal volume measurements on magnetic resonance (MR) images and of the metabolite ratios of the hippocampal region on MR spectroscopy. They underwent the MR examinations twice, with a 0.5-to 4.5-month interval.
Hormonal analysis
A GH releasing hormone (GHRH)-arginine test was performed to assess GH insufficiency. IGF-1 and B-glucose were monitored every 1-3 months to guide the dose of rhGH (Fig. 1) . The thyroid, gonadal and adrenal hormonal axes were also monitored at baseline, and at the end of 6 months of effective treatment period.
rhGH treatment
The patient received a daily low dose (0.1-0.2 mg) of rhGH (Genotropin®, Pfizer Health AB, Strängnäs, Sweden) for the first 6 months to keep the IGF-1 levels below or in the lower quartile of the normal range (= age-corrected mean ± 2 standard deviation; Fig. 1 ). Thereafter, the rhGH dose was increased to 0.3 mg to keep the IGF-1 levels above the mean but within the normal range (i.e. effective treatment) as suggested by Bennett 15 and Ahmad et al. 16 
Measurement of symptoms and quality of life
The European Organization for Research and Treatment of Cancer Core Quality-of-Life Questionnaire (EORTC-QLQ) 17 form, which measures symptoms of pain, fatigue, insomnia, sedation, and physical, social, emotional and cognitive functioning, was used at baseline, and again after 6 and 15 months of treatment. 
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Assessment of cognitive capacity
Cognitive skills were tested using the Wechsler Adult Intelligence Scale (WAIS III), the ClaesonDahl verbal learning and verbal retention tests, and the Rey Complex Fig. Test for visuospatial retention at baseline, after 6 months of low-dose treatment and 6 months of effective treatment, and after a total of 28 months of treatment (Fig. 1) .
MR examinations
MR examinations were performed with an MR imager operating at 1.5 T.
T1-and T2-weighted sequences were used for imaging the hippocampi. Hippocampal volumes were measured manually in coronal slices perpendicular to the longitudinal axis of the hippocampus by one observer. All volume measurements were repeated once for each examination and the mean value was used.
Proton MR spectroscopy of the hippocampal region was performed using a single voxel technique including almost the entire hippocampus. A PRESS sequence with a TR/TE 2500/22 ms was used and the LCModel was used for analysis. The metabolites were quantified as ratios to creatine (Cr) to avoid the effects of cerebrospinal fluid in the voxels. The ratios used were N-acetylaspartate (NAA)/Cr, choline (Cho)/Cr, and myoinositol (Ins)/Cr. MR examinations were made at baseline and at 18 and 36 months after initiation of rhGH treatment (Fig. 1) .
The metabolite changes were considered significant if they were at least 1.5 times larger than the largest percentage change in the controls. 
Results
Hormonal analysis
At baseline, GHRH-arginine testing of the patient revealed a GHD with maximum GH levels of 4.3 μg/l and an IGF-1 level of 44 μg/l (normal range 81-225 μg/l). His body mass index (BMI) was 25.6, which satisfies the BMI corrected definition of GHD (cut-off level for GH level is below 8.0 μg/l for BMI > 25). 18 After initiation of rhGH therapy, IGF-1 levels increased slowly. In the first 6 months, with low-dose treatment, IGF-1 levels remained in the lower quartile of the normal range (Fig. 1) . (Fig. 1) .
Thyroid, adrenal and gonadal axes, including prolactin, remained unchanged during the treatment period. All the measurements were within normal limits except for testosterone index, which was low at 17-18% but also unchanged through the treatment period. (The patient had earlier been offered but declined testosterone substitution.)
Cognitive capacity and quality of life
The Rey Complex Fig. cognitive test scores indicated an increase in visuospatial performance (Fig. 2 ) after 6 months of effective (high-dose) rhGH treatment in parallel with an increase in the levels of IGF-1 above the mean of the normal range. This is in contrast to the 6 months of low-dose treatment, during which there were no changes in this test. There were no changes in the verbal learning and retention test scores. There was successive improvement in symptoms of fatigue, insomnia, sedation, and cognitive, emotional and physical functioning (EORTC-QLQ scores). However, the intensity of pain was unchanged (Fig. 3) .
MR evaluation of the hippocampi
The hippocampi of the patient were normal in size. However, both of the patient's hippocampi were the same size, or the left was a little smaller; usually the right hippocampus is a little larger. The changes in the patient's hippocampal volumes during follow-up did not exceed the differences between repeat studies in the controls (Table 1) .
Before treatment, the NAA/Cr ratio in the right hippocampus of the patient was lower than that in the controls: 0.79 vs. 1.18 (= mean, range 1.11-1.38) ( Tables 2 and 3 ). After treatment with rhGH, the NAA/Cr and Cho/Cr ratios increased significantly in the right hippocampus: NAA/Cr increased by 43% and Cho/Cr by 46%. The estimated limits of significant, i.e. not method-related, changes were ± 35% and ± 25%, respectively. In the last examination, performed when the IGF-1 concentration was temporarily low, the metabolite ratios did not differ significantly from baseline. The metabolite ratios did not change significantly in the left hippocampus throughout the study.
Discussion
In this report, we have described the response to rhGH replacement therapy in a patient with chronic GH improves cognition in pain patient pain and cognitive disabilities likely to be caused by long-term treatment with opioids (in this case methadone). The patient's symptoms of fatigue, sedation and insomnia improved, along with subjective cognitive, physical and emotional functioning, despite a lack of improvement in the intensity of the pain. The Rey Complex 
Test scores at baseline (base test), after 6 months of low-dose treatment (I) and after 6 months of effective rhGH treatment resulting in IGF-1 levels above the normal mean (II).
Normal range of variation; Statistical mean of the normal range. rhGH, recombinant human growth hormone; IGF-1, insulin growth-like factor-1.
Fig. 3. Quality of life and symptoms tested with the EORTC-QLQ form. For symptoms, a low value equates to a low intensity; for function, a low value equates to a low level of functioning. EORTC-QLQ, European Organization for Research and Treatment of Cancer Core Quality-of-Life
Questionnaire. Table 1 Metabolite measurements; percentage change in the follow-up examinations compared with the baseline examination.
Right hippocampal region
Left hippocampal region Estimated significant change* Follow-up I Follow-up II Follow-up I Follow-up II
Bold numbers indicate significant changes. *Based on the variations in the repeated examinations of the healthy controls. NAA, N-acetyl aspartate.
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neurocognitive tests: NAA and Cho levels became higher in the right hippocampus, and the cognitive improvement in visuospatial performance was attributed to the right hippocampus. The right hippocampus is associated with visual memory. 19 It was intriguing to observe the changes in the specific visuospatial deficit in this patient, who was so compromised in cognitive capacity at baseline that he could not find his way home. After 6 months of effective treatment with rhGH, both his subjective cognitive functioning and the Rey Complex The finding that, at baseline, only the right hippocampus was affected remains to be explained. If the opioid treatment alone had caused the change, a bilateral, symmetrical change seems more likely. The chronic pain stimuli, which in this case had a strictly unilateral location in the left thorax, might have been a contributing factor, but knowledge on the somatosensory projections to the hippocampus, and the possible somatotopic organisation, is scarce. There is evidence that stress and pain could affect the functioning and volume of the hippocampus. 20, 21 In our study, only the affected hippocampus responded to treatment. A decrease in hippocampal volume has been detected in patients suffering from chronic pain due to fibromyalgia, 22 as well as in complex regional pain syndrome and low back pain. 23 In our patient, the hippocampi were not shrunken, but the normal volume difference between the right and left sides was lacking.
Although opioids provide effective pain control, they are connected with some unwanted events, such as constipation, nausea and vomiting, along with adverse effects associated with cognition and memory function. Opioids like morphine and oxycodone may impair cognitive capacity in a dosedependent manner. 24, 25 Cognitive impairment in drug-dependent patients receiving methadone maintenance treatment has also been reported, 26 although the literature is limited and results remain controversial. For example, heroin addicts on longterm methadone treatment did not deteriorate in cognition or memory in one study. 27 Data from animal studies suggest that neural apoptotic damage could contribute to impairment of the cog- Ratios in the second examinations are compared with those in the first examination. Cho, choline; Cr, creatine; NAA, N-acetyl aspartate; Ins, myoinositol; SD, standard deviation.
Table 3
Changes of the metabolite ratios in the follow-up examinations of the patient compared with his baseline examination. 
Changes larger than method-related in bold type. Abbreviations as in Table 2 .
GH improves cognition in pain patient
nitive abilities of mice after chronic methadone administration and withdrawal. 28 Our findings, although they were only from a pilot study of a single patient, are in line with previous observations that opioid-induced cell damage caused by increased apoptosis 11 and inhibited neurogenesis 8 can be reversed by growth factors such as rhGH, 11 and that GH/IGF-1 contribute to plastic regeneration and neuroprotection. 5, 29 To confirm and better understand the mechanisms behind these preliminary observations, we are now planning another study with more subjects. The aim is to continue and extend our studies of patients with chronic pain who have received long-term opioids and who subsequently receive rhGH replacement therapy. Our long-term aim is to describe the relevant strategies associated with the ability of rhGH to reverse opioid-induced damage of hippocampal cells and repair other brain damage caused by misuse of other drugs of abuse, including alcohol, central stimulants and anabolic steroids.
In conclusion, the cognitive capacity of a patient with impairment of several aspects of cognitive functioning, presumably as a result of side effects of long-term treatment with strong opioids, improved significantly following treatment with rhGH. The improvements in neuropsychological tests were correlated with higher plasma levels of IGF-1, as well as neuroradiological evidence of increased hippocampal activation.
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